Abstract---The rainfall Intensity-Duration-Frequency (IDF) relationship is commonly required for planning and designing of various water resources projects. The IDF relationship is a mathematical relationship between the rainfall intensity, duration and return period. This relationship is determined through statistical analysis of recorded rainfall data. In this paper, annual n-hourly maximum rainfall for different duration of 'n' such as 1-hour (hr), 2-hr, 3-hr, 6-hr, 12-hr, 18-hr, 24-hr, 48-hr and 72-hr are extracted from hourly rainfall data recorded at Hissar and Kalingapatnam; and further used for estimation of rainfall for different return periods. Order statistics approach is applied for determination of parameters of Gumbel distribution. Regional IDF relationships to estimate rainfall intensity for different return periods for Hissar and Kalingapatnam regions are developed and presented in the paper.
INTRODUCTION
AINFALL intensities of various frequencies and durations are the important parameter for the hydrologic design of storm sewers, culverts and many other structures, as also for rainfall-runoff models. Rainfall Frequency Analysis (RFA) is used to estimate rainfall depth at a point for a specified exceedance probability and duration. RFA is based either on annual maximum series at a site (at-site analysis) or from several sites (regional analysis). Rainfall in a region can be characterised if the intensity, duration and frequency of the diverse storms occurring at that place are known [1] [2] [3] . The available data can be used to determine the frequencies of the rainfall of different durations. The frequency-data for storms of various durations, so obtained, can be represented by IDF curves, which give a plot of average rainfall intensity (mm/ hr) and duration (hr).
Raiford et al [4] have updated the existing IDF curves in the region and obtained these curves at ungauged sites throughout the region using the newly developed RFA techniques. They have also developed IDF curves and isopluvial maps for the region encompassing South Carolina, N. Vivekanandan North Carolina, and Georgia. Kim et al [5] improved the accuracy of IDF curves by using long and short duration separation technique. They derived IDF curves by using Cumulative Distribution Function (CDF) of the interesting site and multi-objective genetic algorithm. Ben-Zvi [6] proposed a procedure for basing IDF curves on partial duration series which are substantially larger than those commonly used for this purpose. He concluded that the proposed procedure superior to the current ones where the use of large samples would reduce the sensitivity of predicted intensities to sampling variations. Bara et al [7] applied the simple scaling theory to the IDF characteristics of short duration rainfall. They have concluded that the IDF relationships, which were deduced from daily rainfall, showed acceptable results in comparison with the IDF curves obtained from at-site short duration rainfall data. Okonkwo and Mbajiorgu [8] have developed IDF curves using graphical and statistical methods for South Eastern Nigeria and the results were compared. They have found that IDF curves developed from the graphical and statistical methods were very close for the lower return periods of 2-year (yr) to 10-yr and differ for higher return periods of 50-yr to 100-yr, but the difference was not significant at 5% level. Khaled et al [9] applied L-Moments and generalised least squares regression methods for estimation of design rainfall depths and development of IDF relationships. Rashid et al [10] applied Pearson Type-III distribution for modelling of short duration rainfall and development of IDF relationships for Sylhet City in Bangladesh.
A theoretical analysis of extreme hydrologic phenomena has led researchers to identify Gumbel distribution as a standard distribution for frequency analysis of recorded meteorological data. In addition to the above, AERB (Atomic Energy Regulatory Board) guidelines described that Order Statistics Approach (OSA) could be used for determination of estimators of Gumbel distribution though number of methods is available for parameter estimation. In this paper, an attempt has been made to estimate the extreme rainfall for different return periods for different durations of 'n' such as 1-hr, 2-hr, 3-hr, 6-hr, 12-hr, 18-hr, 24-hr, 48-hr and 72-hr adopting Gumbel distribution (using OSA); and further used to develop IDF relationships for Hissar and Kalingapatnam regions. The methodology adopted in developing of IDF relationships are briefly described in the ensuing sections.
II. METHODOLOGY

A) Probability Distribution
The CDF [F(R)] of Gumbel distribution is given by:
where α and β are location and scale parameters of the distribution [11] . The parameters are computed by OSA and further used to estimate rainfall (R T ) for different return periods from , where
The procedures adopted in determining the OSA estimators are as follows.
OSA is based on the assumption that the set of extreme values constitutes a statistically independent series of observations. The OSA estimators of Gumbel distribution are given by:
and ( Here N is the sample size containing the basic data that are divided into k sub groups of n elements each leaving n′ remainders. and are the distribution parameters of the groups, and and are the parameters of the remainders, if any. These can be computed from the following equations: 
B) Procedure for Development of IDF Relationship
IDF is a mathematical relationship between the rainfall intensity, duration, and return period. Intensity is defined as the time rate of rainfall, which is the depth per unit time (mm/ hr, or mm/ day as the case may be). It can either be the instantaneous intensity or the average intensity over the duration of rainfall. Theoretically, the intensity of storm in a region varies with duration in such a way that high intensity generally corresponds to short duration, and low intensity to longer duration. IDF empirical equations are the equation that estimates the maximum rainfall intensity for different duration and return period [13] [14] . The general form of empirical equation used in development of IDF relationship is expressed by:
where I is the rainfall intensity (mm/hr), T d is the rainfall duration (hr) corresponding to return period (T) and A and B are parameters. These equations indicate that for a given return period the rainfall intensity decrease with the increase in rainfall duration. Method of Least Squares (MLS) is applied to compute the parameters for the development of rainfall IDF empirical formula.
By taking logarithm on both sides of Eq, (5), we may obtain, Log(I)=Log ( 
( )
The performance of the model is evaluated by Correlation Coefficient (CC) and expressed by: I is the average recorded rainfall intensity and * I is the average estimated rainfall intensity [15] .
III. APPLICATION
An attempt has been made to develop IDF curves for different return periods for Hissar and Kalingapatnam regions. Hourly rainfall data [16] recorded at Hissar for the period 1970-2007 and Kalingapatnam for the period 1980-1999 are used to compute the series of annual n-hourly maximum rainfall for different durations of 'n' such as 1-hr, 2-hr, 3-hr, 6-hr, 12-hr, 18-hr, 24-hr, 48-hr and 72-hr. The series were further used to compute the rainfall estimates using OSA estimators of Gumbel distribution and considered as a base values for development of IDF relationships using Eq. (5). Table 1 gives the average hourly maximum rainfall for different durations of the recorded data for the regions under study. 
IV. RESULTS AND DISCUSSIONS
A) Estimation of Rainfall using Gumbel Distribution
By applying the procedures described above, a computer program was developed and used to fit the recorded rainfall data at Hissar and Kalingapatnam. The program computes the distributional parameters, rainfall estimates for different return ISSN 2277 -5048 | © 2012 Bonfring periods from 2-yr to 1000-yr for different durations and model parameters of IDF relationships together with CC values. Tables 2 and 3 give the rainfall estimates for different return periods using OSA estimators of Gumbel distribution for Hissar and Kalingapatnam. 
B) Development of IDF Relationships
The rainfall estimates given in Tables 2 and 3 Table 4 . The values of CC given by the fitted model are also given in Table 4 . From Table 4 , it may be noted that the CC values given by the fitted rainfall IDF relationships for Hissar and Kalingapatnam are very close to the perfect correlation value of 1 for all return periods ranging from 2-yr to 1000-yr. From the results of data analysis, it is suggested that the developed IDF relationships are better suited for estimation of rainfall intensity for different return periods for the regions under study.
V. CONCLUSIONS
The paper presented a computer aided procedure for modelling hourly rainfall data for Hissar and Kalingapatnam regions. The study showed that the rainfall estimates for different return periods given by Gumbel distribution (using OSA) for different durations of 'n' such as 1-hr, 2-hr, 3-hr, 6-hr, 12-hr, 18-hr, 24-hr, 48-hr and 72-hr OSA form the base values for estimation of average rainfall intensity for different durations for the regions under study. The results showed that CC values obtained from the developed IDF relationships using empirical equation of are very close to 1, which indicates the IDF relationships provide better results for both the regions. The study suggested that the IDF relationships may be useful for decision makers to estimate the rainfall intensity for any specific return period in a short time as also for planning and designing of any water resources projects in the regions specially the urban drainage management. 
